To analyze the correlation between the speed of railway vehicle and the fresh air inlet of air conditioning, a numerical simulation model of evaporator chamber was established in this paper, and to simulate the airflow organization of fresh air using CFX software. As a result, the fresh air volume decrease with the increase of railway vehicle speed, and the simulation results show that the vertical grille could lead more fresh air volume to the evaporator chamber of air conditioning than horizontal grille as the railway vehicle operates at high speed.
CALCULATION MODEL OF FRESH AIRFLOW
With the rapid development of the railway vehicle and improvement of living standard, it is attracting more and more attention to the riding environment comfort. [1] . The railway vehicle air conditioning as an important equipment of regulating air quality inside the vehicle, not only need to satisfy the cooling and heating capacity, also need to provide plenty of fresh air to the vehicle to improve the air quality [2] . For inter-city train and other vehicles that operating at high speed, because the vehicle body is fully hermetic and operating for a long time between two stations, passengers will feel bosom and dizzy if lack of fresh air [3] . Currently, the fresh airflow is measured and testified under the stationary state, but seldom in ________________________
No.255 Changjiang Road, High-Tech Industrial District, Shijiazhuang, Hebei, PRC running mode. It is necessary to research the correlation between fresh air volume and railway vehicle operating speed, to provide reference for design of railway vehicle air conditioning system.
The Geometry Model
Railway vehicle is consisting of head car, intermediate car and tails car. Railway vehicle operating at high speed, the air flow in the area of head and tail vehicle is very complex. The intermediate vehicle is far away for the head and tail, and the airflow around the vehicle body is mainly stable, so the intermediate vehicle is selected as the calculation model. The model consists of an intermediate body, a guide cover and an air-conditioner evaporating chamber, as shown in Figure 1 . The air duct and coach are not considered in the calculation, and they are simulated with a boundary condition of pressure in return air inlet.
Numerical simulation model of evaporator chamber includes mixed air filter, evaporator and fresh air inlet grille, etc. The original fresh air inlet of the air conditioning is the horizontal grille, with a distance of 60mm and a height of 20mm. The optimized fresh air inlet changes the horizontal grille to vertical orientation with the same distance and height, as shown in Figure 2 . 
Calculation Domain and Grid
The numerical simulation domain is shown in Figure 3 , with a length 30m, width 20m and height 10m.
Due to the structure of evaporator, mixed air filter and fresh air inlet of the air conditioning is very complicated, it is difficult to mesh with the geometry model for these three components, and the porous media model in CFX software is selected to simulate the pressure drop when air flow through. The pressure drop of the three components under different air speed is determined by experimental measurement, and the coefficients of porous media model are obtained according to the experiment data [4] .
For the rest of the geometric model, the tetrahedral grid was selected to discrete the calculation domain and a size function was performed on the fresh air grille area with the minimum grid size 0.002 m, and the size of total cell grid was about 8.9 million.
Boundary Conditions
The numerical simulation of the airflow field of railway vehicle is carried out in a limited area, so a given boundary condition is required. The boundary conditions of the numerical simulation are as follows: the inlet of calculation domain is defined as velocity inlet boundary condition, which is used to simulate the operating speed of vehicles. The outlet of calculation domain is defined as pressure outlet boundary condition with the atmospheric pressure value. The return air inlet is defined as pressure inlet boundary condition, and the pressure value is -110pa, which is used to simulate the resistance of return air. The supply air outlet is defined as velocity outlet boundary condition to simulate the rated supply air volume. A RNG k-e model is used to simulate the turbulence. 
CALCULATION OF THE FRESH AIRFLOW
There are two ways for the aerodynamic research. One is test method with setting up test platform; another is computer numerical simulation. In this paper, the two methods are combined. The test result conducted from the static state of railway vehicle is used to calibrate the calculation geometry model and boundary conditions, thus promoting applied to high-speed train running state.
Simulation Result of Stationary State of Vehicle
First of all, test the air conditioner airflow when it is mounted to vehicle. The test result is used to calibrate the calculation result. The test result is conducted when the air conditioner is installed on the vehicle, in which the air duct system is mounted. Measure the return air volume and fresh air volume with air hood air rate tester. Test result is listed in TABLE I. Supply air volume is sum up by return air and fresh air.
When simulating, set up the outlet value of evaporator chamber to be the tested supply air volume, and set up pressure drop value in the pressure inlet boundary condition of return air to simulate the resistance of air duct and coach, changing the pressure value until the return air volume calculated is same as test result. As a result, the pressure inlet value of return air inlet is -110Pa, which is used in the simulation.
In the stationary state of the railway vehicle, the airflow is evenly distributed from all directions to the fresh air inlet, as shown in Figure 56 . 
Simulation Result of Vehicle Speed 160km/h
Setting the inlet of the calculation domain to be velocity inlet boundary with a value 44.44m/s (=160km/h) to simulate the influence of vehicle speed on fresh airflow, and the other conditions were the same as the simulation of the vehicle's static condition. The test result is shown in TABLE I. Figure 7 shows the simulation result of the original horizontal grille. The railway vehicle runs along X axis, and the air flows along negative X direction. It can be seen that the downstream area of fresh air inlet is the main ventilation, and almost no air flow into the upstream.
FRESH AIRFLOW OF HORIZONTAL GRILLE

FRESH AIRFLOW OF VERTICAL GRILLE
In order to solve the problem of the decrease of the fresh air volume in the high-speed operation of railway vehicle, the horizontal grille of the fresh air inlet is changed to vertical grille to analyze its influence on the fresh airflow. It can be seen that the vertical grille plays an arranging role in fresh airflow, and both the upstream and downstream of the fresh air inlet have air flow in, as shown in Figure 8 .
Comparison of Simulation and Test Results
The railway vehicle analyzed in this paper is a sort of intercity train, and its highest operating speed is 160km/h, so we test the return air volume in the return air inlet of the coach when the vehicle runs smoothly with speed of 160km/h. The supply air volume is tested via the evaporator fan current, which is indicating the total supply air volume variation.
From the test results in TABLE I, we can see that the electric current of the evaporator fan under stationary and 160 km/h speed of vehicle is almost same under the two tested speed of vehicle, which indicates that the supply air volume does not change much with operating speed of railway vehicle. The deviation of measured return air volume and the simulated return air volume is 6.1% (=1-2494/2350), and the deviation of measured fresh air volume and simulated fresh air volume is 9.2% (=1-756/820). The both deviations are less than 10%, which meets the simulation requirements [5] . Therefore, the fresh air volume is conducted by supply air volume minus return air volume. The test for vertical grille would be carried at a later time. * Supply air volume is check out according to the airflow performance curve of evaporator fan. ** Fresh air volume is that supply air volume minus return air volume.
RESULT ANALYSIS
The Influence of Vehicle Speed on Fresh Airflow
Different operating speed of the vehicle creates different airflow field around the vehicle body, which results in changing of the airflow trace coming into the fresh air inlet of the air conditioning.
When rail vehicle is stationary, the air micelle is forced only by the negative pressure effect of the evaporator fan inside air conditioning, entering into fresh air inlet evenly from all directions with velocity V1, and the fresh air volume under this situation is the largest, as shown in Figure 8 (a) .
When the railway vehicle operates at high speed, the air micelle enter into the fresh air inlet with velocity V3, which is composed by V1 and V2, that V1 is caused by the force of evaporator fan and V2 is the relative speed of vehicle, the higher V2 velocity, the smaller angle between V2 and V3, as a result of smaller area of fresh air inlet, as shown in Figure 9 (b). The fresh air volume is decreased.
For horizontal grille, due to its direction is same as the air flow around the surface of railway vehicle, the fresh airflow cannot be reorganized. The vertical grille acts as a diversion to the airflow, so its fresh air volume is larger than the horizontal grille, as shown in Figure 9 (c).
Relationship between Vehicle Speed and Fresh Air Volume
On the basis of simulation of 160km/h vehicle speed, nine more cases were calculated that from 0km/h to 350km/h to obtain the relationship between vehicle speed and fresh air volume, as shown in Figure 10 .
From Figure 10 , for the original horizontal grille, the fresh air volume decreases by 40%, when the railway vehicle operates at speed 250 km/h, if the operating speed increase to 350 km/h the fresh air volume would reduce 60%, that is from 1000m 3 /h to 400m 3 /h, seriously reduce the air quality inside the coach. For vertical grille, the fresh air volume under various vehicle speed is significantly higher than the original horizontal grille, and the fresh air volume increased by 50% from 400m 3 /h to 600m 3 /h than the original at 350 km/h vehicle speed, improving the comfort of vehicle ride. 
CONCLUSIONS
A numerical simulation approach to the influence of railway vehicle operating speed on fresh air volume of air conditioning is presented in this paper.
The fresh air volume of air conditioning would decrease with the increase of railway vehicle operating speed, especially for the high-speed train.
Compared with horizontal grille, the vertical grille can increase fresh air volume as the railway vehicle operates at high speed.
The research results of this paper provide a reference to improve the performance of air conditioning. It is important to note that the airflow field of high-speed railway vehicles is affected by different vehicle models, head trains and so on; these may have certain influence on the fresh air volume of air conditioning, which remains to be further studied.
